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INTRODUCTION
The influence of climatic factors on the annual radial growth of trees in Latvia has been studied previously. This work began in the late 1940s and continued, with minor interruptions, until the mid-1980s. The main contribution was made by the Latvian forest researchers A. Zviedris (Zviedris, 1950; Zviedris and Sacenieks, 1958; Çâèåäðèñ è Ñàöåíèåêñ, 1960) and E. Ðpalte (Ðpalte, 1975a; 1975b; Øïàëòå, 1978) . The influence of particular meteorological factors on the radial growth of tree stems in Latvia has also been studied, to a lesser degree and with other aims, in the frame of research by several other forestry specialists-P. Zâlîtis, P. Skudra, I. Liepa, J. Jâtnieks, and others (Çàëèòèñ, 1967; Zâlîtis un Ðitca, 1986; Liepa, 1972; Ëèåïà, 1980, pp. 107-112; Ñêóäðà, 1982; Jâtnieks, 1991) . This work, which can be equated to dendroclimatological research, was undertaken mainly in the period when the possibilities of large-scale data processing were still very limited, compared with the present day. At that time, the main research aim was usually to establish the influence of climatic factors on the annual growth of the economically most important tree species, in order to be able to assess more objectively the effectiveness of forestry practices in increasing the total wood volume. It must be admitted that in the majority of cases the studies were limited to particular areas of Latvia or even to particular forest stands, or to one particular forest site type, which means that the results obtained were mostly of local importance.
During the past 25 years, several studies in dendroecology have been undertaken in Latvia, and during the past 15 years dendrochronology has also been studied (in the more restricted sense of the two terms), while research relating to dendroclimatology has practically ceased. On the other hand, in many other countries of Europe and elsewhere in the world, this period has seen major breakthroughs in this particular sub-field of research.
When we compare the results of previous dendroclimatological studies undertaken in Latvia with those obtained in other European countries, including Lithuania, we see that the research undertaken so far in Latvia has not provided answers to many important questions, for example: a. Why have the conclusions drawn so far in Latvia as to the importance of the influence of climatic factors on tree growth differed so markedly?
b. Can the influence of climatic factors on the radial growth of trees in the environmental conditions of Latvia really be considered unimportant? How can this be explained? c. What is the quality of the dendrochronological signal in the territory of Latvia? How has it changed from year to year?
d. How does the influence of climatic factors on tree development in the territory of Latvia change during particular periods of the year and in relation to the geographical position of the forest stands and site conditions? How does this influence change, when we compare the territories of all three Baltic States? e. How does the influence of climatic factors on the growth of different tree species vary in the environmental conditions of Latvia?
f. How does global warming influence the development of trees growing in the territory of Latvia? g. Can the tree-ring series obtained in Latvia be applied in order to reconstruct past local climatic parameters and forecast climatic change in the future, and if so, then how?
In order to answer these and related questions, it is necessary to undertake comprehensive dendroclimatological studies in Latvia, studies that should cover the whole country. In 2005, research aimed at attaining this aim was started at the University of Latvia.
The goal of the work was to first determine the influence of climatic factors on the annual radial increment of pine in the most northerly, easterly, southerly and westerly parts of the territory of Latvia, and in forest stands located exactly between these furthest outlying areas (Fig. 1) . It was planned that north-south variation in the influence of climatic factors would first be determined for western Latvia and then for eastern Latvia. Presented in this paper are the results of initial dendroclimatological research undertaken in western Latvia. These results already provide partial answers to the questions set out in the first four points (a -d) of the above list.
MATERIALS AND METHODS
Collection of wood samples. Samples of pine wood were collected at the following locations in western Latvia: in 2005 in Renda Civil Parish (pagasts) of Kuldîga District (here and below, the name of the parish corresponds to the name of the respective forest district), Engure Civil Parish of Tukums District, and in 2006 in Saka Civil Parish of Liepâja District, Jaunsvirlauka Civil Parish of Jelgava District and Zaòa Civil Parish of Saldus District. Ring-width data obtained slightly earlier from six sample areas in Kolka Civil Parish of Talsi District were also used (Fig. 1) .
Sampled stands were on dry mineral soils: Vacciniosa (mçtrâjs), Myrtillosa (lâns) or Hylocomiosa (damaksnis). In Kolka Civil Parish a Cladinoso-callunosa (sils) site type was also included.
To assess and characterise the influence of climatic factors on tree growth over a long period as objectively and precisely as possible, the wood samples were collected in preselected pine stands that had reached felling age. In practical terms, the samples were collected in the form of discs, sawn from old pine stumps remaining after recent clearfelling. Between 14 and 19 disc samples of wood were sawn from these stumps in a single clearing or in two or three nearby clearings in each forest district. This number of samples was deliberately chosen, since previous dendrochronological research had indicated that mean values of tree-ring width obtained from such a number of wood samples provided a sufficiently precise and objective reflection of the mean pattern of year-by-year radial tree growth for the whole stand. In the Kolka area a larger number of trees was sampled (62). Here, in contrast to the other sites, one core was obtained from each selected pine using a Pressler borer (Table 1) .
Ring-width measurement and statistical processing of the data. Tree-ring width was measured using a Lintab table (Rinntech company, Germany), with a precision of 1/100 mm. The ring widths were measured in three radial directions on each disc sample, calculating the mean width of each ring. Recording, checking and standardisation of tree rings, and cross-dating of the resulting ring-width indices, was undertaken using the Sakore V.3, Cofecha and TSAP software 1 (Grissino-Mayer et al., 1996; Rinn, 1996; Grissino-Mayer, 2001 ). The tree-ring chronologies were produced using the Arstan programme (Grissino-Mayer et al., 1996) . Standard chronologies were calculated to estimate the dendrochronological signal, and multivariate regression operated on the "residual" chronology, obtained af- ter double detrending and subsequent modelling of autoregression (Grissino-Mayer et al., 1996) .
The similarity of tree-ring chronologies was estimated by time series procedure: the percentage of parallel variation (Gleichläufigkeit), the correlation coefficient for paired samples and its significance test, the t-value.
Signature or marker years were identified for the period covered by the chronologies for all six forest districts. Signature years are years in which the ring-width shows a synchronous reduction or increase in more than 90% of 10 or more trees (Schweingruber, 1983) . In our case, the number of time series for comparison was less than 10, but we considered tree stands and not individual trees. The signature years were also determined by comparing the chronologies obtained with absolute chronologies for pine in Estonia and Lithuania, produced by A. Läänelaid and A. Vitas (Lääne-laid and Eckstein, 2003; Vitas, 2008) .
Data on climatic factors. The climatic factors considered in the study include mean air temperature and total precipitation by calendar month, and for the four seasons of the pine vegetation year: 1) September -November (autumn), 2) December -February (winter), 3) March -May (spring) and 4) June -August (summer). The meteorological data required was obtained from the Faculty of Geography and Earth Sciences of the University of Latvia, and from the Latvian Environment, Geology, and Meteorology Agency, for the meteorological and hydrometeorological stations closest to the study areas: Jelgava, Kolka, Liepâja, Mçrsrags, Pâvilosta, Saldus, and Stende ( Fig. 1 ).
Analysis of changes in tree-ring width indices and meteorological data.
A relationship between tree-ring width and climatic factors was shown by statistically significant correlation (at a = 0.05). In order to determine the periods when particular meteorological factors most significantly influenced radial tree growth in each forest district, multivariate regression was performed. Both correlation and multivariate regression were carried out using the SPSS package (Morgan et al., 2004) . Particular calendar months in which the influence of meteorological factors on the annual radial growth of the pines under study was statistically significant were additionally determined using DendroClim 2000 (Biondi and Waikul, 2004) and MS Excel, comparing year by year the direction of change in climatic factors for various periods with the direction of change of radial tree growth.
RESULTS
Correlation coefficients r for the mean radial growth of pine were calculated between stems within one stand or several nearby stands (Kolka area) ( Table 1 ).
The coefficients of determination (D = r 2 ) given in Table 1 indicate that in the forest stands of the all five forest districts, except Kolka, 3-5% up to 35-45% (in one case even 58%), or a mean 13-16%, of the fluctuation in ring width of the pine trunks is explained by the influence of general ecological factors, i.e. mainly climatic factors. The minimum values of the correlation coefficient r, and thus also the mean values, given in the table for the pines studied in the Kolka area, may be slightly larger than the true values, since the study did not make use of the time series of tree ring widths for some of the trees studied in this area, which differed too much from the other, either because of the poor quality of the wood sample, or for other reasons.
The significance of the correlation coefficient is measured by the t-value, the statistic most commonly used in dendrochronology. Judging from the high t-values, the pines in the Kolka area, where only single cores were taken, more commonly showed a markedly similar annual radial increment, possible due to older age of trees (Table 2) . This may ex- plain why in some of the studies previously undertaken in Latvia, a correlation between the annual increment in wood and climatic factors was most commonly found to be low: when core samples are collected from growing trees, the influence of climatic factors on tree development is often assessed over a relatively short period. It is generally not possible to characterise a tree's reaction to the influence of climatic factors adequately from a time series consisting of only about 50 ring-width indices.
The influence of climatic factors on the annual radial growth of trees is clearer in ring-width chronologies where the variation in annual ring-width index values connected with local factors is minimal. However, climatic factors are influenced also by the growing conditions in the study area, and thus also by the distance between the sampling sites of the trees. In the chronologies for smaller areas, the variation in annual ring width caused directly by global, i.e. mainly climatic factors, which have fluctuated at a larger scale, is reflected relatively more weakly. In assessing the t-values, characterising the significance of the correlation between chronologies, the influence of the size of the area in which the sampled trees have been growing should also be taken into account.
The t-values given in Table 3 show that the correlation between any two chronologies compiled is significant (t-value 3.5, P 0.0001, and a t-value of 6.0 is regarded as a secure indication that two time series are synchronous (Kràpiec, 1998) . In the present case, the t-values obtained (ranging from 4.2 to 9.1) show that in the western part of Latvia, over distances of at least 155 km, the discrimination of the common dendrochronological signal in the local tree-ring chronologies can be viewed as very good, and thus, climatic factors have a significant influence on the radial increment of the trunks of pines growing in the environmental conditions of Latvia.
In the phase of research undertaken so far, when we compare any two ring-width chronologies for stands separated by a distance of approximately 55 to 155 km, no direct relationship is found between the distance separating them and the t-value characterising the similarity between the two time series, possibly due to other factors.
In western Latvia, no clear relationship was observed between the precipitation in any particular season or month of the pine vegetation year (from September of the previous year up to August of the current year) and the mean annual radial increment of pine in that year. However, there is a weak tendency of increased radial growth compared to the previous years in years with increased precipitation during summer (July-August). The effect of precipitation in mineral soils with normal moisture conditions was evidently weak compared to strong dependence on many other factors that influencing the growth of pine.
The annual radial growth of pine in the western part of Latvia was most significantly influenced directly by the mean air temperature in the months of the second half of winter and especially the first half of spring.
This trend is most evident by examination of the direction of change in the mean ring-width in relation to the direction of change of the mean temperature in the particular season of the vegetation year for the signature years, which can be expected as the growth of trees was particularly influenced by large-scale climatic factors. In 74-82% of the total number of signature years, the ring-width of the studied pines and the mean air temperature during the spring season changed in the same direction, compared with the preceding year. Similar results were obtained using other methods. All the ring-width chronologies, apart from the chronology for Kolka, which was not used in this phase of the study, show a significant correlation (at a = 0.05) with mean air temperature for February, March and partly also April (Table 6 ). In the majority of cases, increased precipitation in June of the vegetation year also had a positive influence on the radial growth of pine.
The effect of mean air temperature in February, March, and partly also April on radial growth was confirmed by multivariate regression. Climatic factors explained 16.2% of the ring-width chronology variation for Engure, 35.3% for Renda, 15.5% for Saka, 25.1% for Svirlauka, and 20.9% for Zaòa. Differences between these values can partly be explained by local factors. In the absence of comparative data from other regions of Latvia, it is at present difficult to explain the importance of mean air temperature in MarchApril on the radial growth of pine (Table 1) .
It is important to assess the differences in the explained variation for the chronologies in relation to climatic factors in various parts of Latvia.
Air temperature and precipitation in the study region are determined by their location by the Baltic Sea and Gulf of Rîga, and by relief features. One of the most important factors determining air temperature and precipitation amount are the prevailing air masses. Maritime air masses (37-40% of cases) and modified maritime air masses (45-49% of cases) dominate, while continental air masses are less commonly (13-15% of cases) (Draveniece, 2007) . When continental air masses prevail, the range of variation in air temperature and regional differences are greater than in the case of moist maritime air masses. The mean annual differences in air temperature within the region are up to 1 o C. The highest mean annual air temperature is observed in the Liepâja area (+6. The relatively greater range of variation in mean air temperature in both winter and spring evidently results in a greater impact on the physiological processes of woody plants. Currently, we can only hypothesise that the variation in chronologies explained by climatic factors is lower for the pine chronologies for Engure and Saka than for the other chronologies, due to the influence of cooler springs, characteristic of these coastal areas, and the more significant influence of a relatively shallower groundwater level.
In the study region, precipitation, in contrast to air temperature, varies less in winter and spring than in the summer and autumn seasons: in winter and spring, mean precipitation between meteorological stations in the study area differs by 20 mm, in summer by 44 mm, and in autumn by 33 mm. This may explain why increased precipitation amount in early summer was correlated with radial growth of the studied pines in this period. The distribution of precipitation across the region is not uniform, mainly due to relief. In the upland areas of Kurzeme and especially on their windward side, annual precipitation is generally more than 700 mm, while along the coast of the Gulf of Rîga it is only 570-580 mm, a difference of about 150 mm. Also the annual pattern of distribution of precipitation also differs: in the continental part (Jelgava, Saldus and Stende), maximum precipitation occurs in the middle of summer (July), while in coastal areas the highest precipitation is usually observed in the second half of summer and autumn.
While radial growth of pine in the Kurzeme area is most significantly affected by mean air temperature from the second half of January to the first half of April, this relationship is not always well seen. Table 7 shows the 64 signature years recorded during a 101-year period. In some cases changes of a similar character in radial growth can, and usually do, occur due to the influence of various local factors. However, in the majority of cases the changes in ringwidths observed across a large area, can be explained by the changing influence of global factors, mainly climatic. In 37 years of the 64 signature years (57.8%), the direction of change in mean radial increment corresponded to the direction of change in the mean air temperature for the months of December-February, and for March-May of that vegetation year (compared with the preceding year). In a total of eight years (12.5%), the direction of change in the mean radial increment of pine corresponded to the direction of change of mean air temperature in the first period-December-February, and in 11 years (17.2%) it corresponded to the direction of change of mean air temperature in the second periodMarch-May. However, in eight years (12.5%), the mean radial increment of pine changed in the opposite direction to the changes in mean air temperature in both the winter and spring periods (after a relatively warmer winter and spring, the radial increment of the majority of studied trees fell in 1932, 1981, 1992 and 1998, while lower mean air temperature in both winter and spring, the radial growth of trees nevertheless increased in 1922, 1974, 1987 and 1996) . The year 1942 also differs, for example: in the winter and spring periods of this year, the mean air temperature was even lower overall than in 1940-a pronounced signature year in which the majority of pines in Latvia showed the most dramatic reduction in radial growth during the whole of the 20th century.
Deviation from a direct relationship between mean air temperature for the winter and spring months and ring-width of pine for that year can result from the non-climatic factors, the significance, character and degree of which need to be focussed in future dendroclimatological and dendroecological studies.
DISCUSSION
The results of the study correspond well with the results of dendroclimatological studies undertaken in countries near to Latvia. In northern Norway, Finland and Sweden, where the vegetation season is shorter and where Scots pine reaches the northern limit of its range, the growth of pine is influenced mainly by mean air temperature in the summer months, particularly in July (Eggertsson, 2000; Kirchhefer, 2001; Helama et al., 2003; Linderson, 2003) . Some researchers consider that older pines in northern Finland have been more affected by mean air temperature in July of the preceding year (Salminen and Jalkanen, 2004; Pensa et al., 2005) . Further to the south, in south-eastern Finland, mean summer temperatures have little effect on the annual growth of pine, and it is impossible to isolate a single factor determining tree growth: sometimes the mean air temperature in the months of April to September has a greater influence, but at other times precipitation has a greater impact (Lindholm and Meriläinen, 1998; Lindholm et al., 1998 Lindholm et al., -1999 W -the direction of change of mean air temperature, compared with the preceding year, in the period XII-II;
S -the direction of change in mean air temperature, compared with the preceding year, in the period III-V -mean air temperature changes in the same direction as tree-ring index value (correspondence); -mean air temperature changes in opposite direction to tree-ring index value (non-correspondence) T a b l e 7 SIGNATURE YEARS IN THE PERIOD 1900 pine is more affected by mean air temperature in November, and sometimes also October and December, of the preceding year, but also, as in the northern regions, mean air temperature in July is a contributing factor (Linderson, 2000) . In the southern Fennoscandia the development of pine is most influenced by mean air temperature in late winter and early spring, i.e. from January to April/May (Linderson, 1992; , which is also true for Latvia and the other two Baltic States, as well as for the northern parts of Poland and Germany (Krause, 1992; Juknys and Vencloviene, 1998; Cedro, 2001; Läänelaid and Eckstein, 2003; Pärn, 2003; Kràpiec and Szychowska-Kràpiec, 2005; Vitas, 2006) . Further to the north, the radial growth of pine is most significantly determined by summer air temperature (particularly in July).
In the USA the radial growth of conifers in low-lying areas depends mainly on climatic conditions in the winter period (Fritts, 1996) , which partly confirms the conclusion drawn by E. Ðpalte that in Latvia the radial growth of pine is most dependent on mean air temperature in March (Ðpalte, 1975a) . It is possible that in eastern Latvia, which has a more continental climate and higher relief than the western part of the country, radial growth of pine depends more on other climatic factors. It would also be useful to consider in future dendroclimatological research how climatic factors during the preceding vegetation season affect the radial growth of trees. As the latewood of pines in this region begins to form approximately in early July, and knowing that cool and wet summers result in the formation of a narrower latewood ring, the width of the earlywood and latewood of the annual ring should be separately analysed in dendroclimatological studies. The results of the research undertaken so far show that it is more difficult to objectively assess the influence of climatic factors in summer from tree-ring width in cases where the latewood formed in summer often constitutes only a small part of the annual ring.
The results of the study confirm that the influence of the dendrochronological signal is sometimes weakly reflected in the time series of ring widths of individual pines growing in the environmental conditions of Latvia, but in time series of mean values of ring-width indices compiled from ringwidth data on more than 10 trees this influence is generally found to be significant. The assessment of the influence of the dendrochronological signal and its reflection is usually also less objective if the ring-width for a tree is measured only in one radial direction and if the time series of ring widths cover a period of less than 70-80 years, or sometimes even 100 years.
The results obtained do not yet fully and precisely characterise the influence of climatic factors on the radial growth of Scots pine throughout the territory of Latvia. In order to obtain more comprehensive and objective information, it is necessary to continue the research, both in similar growing conditions in the eastern part of Latvia, and in different growing conditions throughout the territory of Latvia, to successfully reconstruct the changing influence of environmental factors in the territory of Latvia in the past and to forecast the future influence
